The different serotonin (5-HT) receptors, including the serotonin transporter (5-HTT), are excellent candidate genes for suicide and suicidal behavior, and thus, they have been investigated in a large number of allelic association studies. The individual results of these studies have been inconsistent and definite conclusions are difficult to establish. A reliable method for assessing individual studies and generating combined results is provided by systematic reviews using meta-analytical techniques. In this study, we carried out a systematic review of studies investigating 5-HT receptors and the 5-HTT in suicidal behavior. Studies were identified by means of MEDLINE database searches and by scanning reference lists. More than 190 articles were reviewed and 26 met the inclusion criteria. In all, 14 studies investigated six different 5-HT receptor loci and 12 studies investigated the 5-HTT promoter 44 bp insertion/ deletion polymorphism. Two specific meta-analyses were carried out, pooling studies investigating the 5-HT2A 102 T/C and the 5-HTT promoter loci that included, respectively, a total of 1599 and 2539 subjects. The combined evidence was significant for association with the 5-HTT locus (Mantel-Haenszel weighted odds ratio (M-H w OR) ¼ 1.17 CI : 1.04-1.32, P ¼ 0.009), but not for the 5-HT2A 102 T/C variant (M-H w OR) ¼ 1.09 CI : 0.93-1.27, P ¼ 0.319). The 5-HTT result was robust and remained significant following sensitivity analysis, suggesting that 5-HTT may play a role in the predisposition to suicide.
Suicide is an important public health problem, ranking among the top 10 causes of death for individuals of all ages in most developed countries. 1 Over the last decades, there has been a considerable advance in the understanding of the neurobiology of suicide, with significant evidence suggesting that the serotonergic system may play an important role. 2 There is also consistent evidence suggesting that the predisposition to suicidal behavior has a genetic component. 3 Thus, several studies have been carried out to investigate how genetic variants at genes coding for components of the serotonin (5-HT) system may confer susceptibility to suicide. Most of these studies have used a case-control design focusing on selective candidate genes. The candidate genes most investigated include tryptophan hydroxylase (reviewed elsewhere Lolovic and Turecki 4 ), the 5-HT receptors, and serotonin transporter (5-HTT).
In this study, our goal was to carry out a systematic review by systematically retrieving, assessing, and combining, when applicable, individual studies investigating the association between suicide and 5-HT receptors, including the 5-HTT. A systematic review is a method to order numerous publications from the literature and to pool data from individual studies when appropriate. [5] [6] [7] [8] The accompanying paper 9 reviews the studies investigating these genes in affective disorders.
Methods

Study identification
Two separate searches were completedFone including association studies of suicide and 5-HT receptors, and another including association studies of suicide and 5-HTT. The 5-HTT was approached separately due to the large volume of studies focusing on this gene. The searches to locate primary articles were carried out through the National Library of Medicine 
Study selection
The studies included in this systematic review met the following criteria: (a) use of a case-control design; (b) use of at least one analysis investigating the relation between suicidal behavior and a polymorphism in either the 5-HT receptors or in the 5-HTT; (c) investigation of suicidal behavior in the form of suicide completion or history of at least one suicide attempt, as defined by each individual study; (d) inclusion of samples comprising unrelated subjects; and (e) inclusion of studies independent from one another. Analysis based on the same set of data was excluded. In such cases, only the larger sample was accounted for. Studies that met the inclusion criteria, but did not provide the actual outcome frequencies were not included. Studies in which a control group was absent also were not included.
A single reviewer (MA) identified, selected, and assessed the studies to ensure consistency in the process of choosing the publications. First, the title and abstract were assessed and finally the criteria for inclusion/exclusion were considered.
Polymorphisms
All possible polymorphisms in the serotonergic receptors and transporter were considered if the inclusion/exclusion criteria were met. In the case of the 5-HT receptors, most of the studies investigated single nucleotide polymorphisms (SNPs), whereas for the 5-HTT, only studies investigating the 44 base pair (44 bp) insertion/deletion polymorphism located in the promoter region of this gene were available.
Systematic review and meta-analytic methods For most of the polymorphisms the studies available were too few to warrant data pooling, so only a descriptive analysis is provided. In the case of the insertion/deletion polymorphism in the 5-HTT and the 102 T/C polymorphism in the 5-HT2A receptor, meta-analyses were performed. Homogeneity analysis was performed prior to pooling the data to confirm the studies that were not significantly heterogeneous and, thus could be combined. The Mantel-Haenszel weighted odds ratio (M-H W OR) was used to combine results from different studies. 10 If the overall OR was positive, a sensitivity analysis was carried out, in which each study, one at a time, was excluded from the overall OR computation. This technique ensures for more reliable and consistent findings, avoiding situations in which one single study accounts entirely for the overall outcome. The possible effect of the File Drawer problem was considered in those analyses that provided an overall positive outcome, to estimate the likelihood that this positive result could be due to publication bias (tendency to not publish negative studies). These meta-analytic methods are discussed elsewhere.
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Results
5-HT Treceptors
The initial search for the 5-HT receptors resulted in 150 studies. From these, only 14 were relevant and met the inclusion criteria. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] The study by Faludi et al 27 was excluded because it did not provide genotype or allele frequencies. Only reports investigating polymorphisms located in the 5-HT1A, 5-HT1B, and 5-HT2A receptor genes were found.
There was one study investigating the 5-HT1A Pro16Leu polymorphism, one study investigating the 5-HT1A Gly272Asp polymorphism, two studies investigating the 5-HT1B 861 G/C polymorphism, nine studies investigating the 5-HT2A 102 T/C polymorphism, one study investigating the 5-HT2A His452Tyr polymorphism, and two studies investigating the 5-HT2A À1438 G/A polymorphism (see Table 1 ). Of these, only the 5-HT2A 102 T/C polymorphism was investigated in sufficient studies to guarantee a quantitative synthesis.
The 5-HT1A Pro16Leu polymorphism, the 5-HT1A Gly272Asp polymorphism, the 5-HT1B 861 G/C polymorphism, the 5-HT2A His452Tyr variant, and the 5-HT2A -1438G/A variant, all showed no individual significant reports with suicidal behavior (Table  1) . Nine of the publications focused on the 5-HT2A 102 T/C polymorphism. Before pooling the results, a homogeneity analysis was performed to ensure that the results could be combined (w 2 ¼ 1.01; df ¼ 8; P40.05). The pooled result showed no evidence of genetic association based on a total number of suicide completers and attempters ¼ 596, and a total number of healthy controls
Two of the studies included in this analysis were carried out in subjects from Asian descent. Excluding these two studies, similar results were found (M-H W OR ¼ 1.03, CI: 0.87-1.23; M-H S w 2 ¼ 0.09, P ¼ 0.764).
5-HTT transporter
The primary search for the 5-HTT transporter gene resulted in 44 articles, of which 12 met the criteria for inclusion. 18, 19, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] Again, the study by Faludi et al 27 was excluded because it did not provide genotype or allele frequencies. The study by Mann et al 38 could not be included in our analysis because it did not provide information on genotype or allele frequencies for controls, as they only reported comparisons between suicides and deceased depressed subjects.
The 5-HTT transporter has been extensively investigated in association studies of psychiatric . Sensitivity analysis is a useful tool to demonstrate that a positive result is not due to the individual effect of one single large study, in which a strong effect size was observed. We carried out sensitivity analysis with the positive 5-HTT overall result and it indicated that the positive finding was not likely to be the result of one particular study (Table 3) .
Positive overall results may occasionally be observed in meta-analysis as a result of publication biases, particularly the so-called 'file-drawer bias' whereby authors may be more inclined not to publish negative reports. An estimate of the dimension of this type of bias may be made by attempting to calculate the number of studies averaging null results that must See Table 1 .
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have been not published in order to render nonsignificant our overall result. Rosenthal 11 argues that one should estimate the number of studies required to bring the overall P-value to 0.5. In this metaanalysis, the estimate of the file-drawer bias showed that 68 nonsignificant studies would have been required to be archived should the overall OR be the result of publication bias. Since the s allele of the 5-HTT transporter gene is the most frequent variant of this locus in Asians, which is the opposite from observations in Caucasians, we also calculated the overall association result excluding the Chinese study by Chong et al. 
Discussion
Association studies have been advocated as the method of choice to investigate complex traits such as suicide. However, they have a number of important limitations. Among these, lack of sufficient statistical power of individual studies to detect anticipated small gene effects is one of the most important problems. One possible way to address this problem, ie increase power and resolution, is by means of systematic reviews and meta-analytic tools. A systematic review is a method to order numerous publications from the literature and to pool data from individual studies when appropriate. In this systematic review, two meta-analyses were performed. The overall results for the 5-HT2A 102 T/ C polymorphism were obtaining by pooling nine studies with a total of 1599 suicide completers or attempters and healthy controls. No overall significant association was found. The overall results for the 5-HTT analysis included 12 studies with a total of 2539 suicide completers or attempters and healthy controls. This analysis suggests that there is a positive association with the short (s) allele of the 5-HTT promoter variant. Stratification of the studies according to type of suicidal behavior investigated suggested that the association is particularly valid among attempters. However, one should be cautious in the interpretation of this finding, given that only three studies in completers were available for this meta-analysis and that these studies found results in opposite direction. Although earlier results have more recently been challenged, 38 and certainly, additional studies confirming the original findings are needed, the 5-HTT gene promoter insertion/ deletion variant is widely thought to be functional, with the short allele presenting a dominant effect and predicting lower basal gene activity, and reduced 5-HTT binding and 5-HT uptake. 39 Therefore, the overall result suggesting an association between suicidal behavior and 5-HTT is encouraging. Moreover, these results are consistent with prevailing hypotheses about the neurobiology of suicide (reviewed in Mann et al 40 ). Population stratification is an important bias of association studies, particularly in those carried out using population-based designs. To a certain degree, meta-analyses will also be susceptible to such problems, particularly if they are generalized, accounting for most of the published positive results. This problem may be especially relevant if the filedrawer bias is considerable, as in this case one assumes that most of the evidence of association comes from type I error. This, however, does not seem to be the case here, as estimates of the file-drawer problem suggested that this meta-analysis was unlikely to have been influenced by this bias. A number of relevant questions could not be investigated in this meta-analysis, and then, will remain to be explored in future studies. These include the possible effect of the 5-HTT on the method (violent/nonviolent), lethality and intent of the suicide attempt, as well as possible interactions with variables such as age, ethnicity, and gender.
Concerning the 5-HT receptors, it was surprising to find in this review that only three (5-HT1A, 5-HT1B, and 5-HT2A) of at least 14 known 5-HT receptors have been investigated in genetic association studies of suicide. Therefore, further research exploring genetic variation, particularly polymorphisms that may have a functional role seems warranted. In conclusion, our meta-analysis supports an association between suicidal behavior and a promoter 44 bp insertion/deletion polymorphism of the 5-HTT gene and no such association with 102 T/C polymorphism in the 5-HT2A gene. Additional studies should be carried out to further explore the characteristics of this association, such as possible underlying behaviors that may account for the overall effect in attempters. Moreover, additional association studies should be carried out in completers to properly assess its validity in this population.
